Abstract
Introduction
Diarrhoea remains the second leading cause of death around the world for children under five years of age [1] . Rotavirus is a member of the genus Rotavirus, family Reoviridae, and it is an important causative agent of acute gastroenteritis in children and many young animal species worldwide [1] . There are five species of this virus, referred to as A, B, C, D, and E. Rotavirus A, the most common species, causes more than 90% of infections in humans [2] . By the age five, nearly every child in the world has been infected with rotavirus at least once [3] .
It has been estimated that rotavirus infections caused 25 million clinical cases, 2 million hospital admissions and about 611,000 deaths annually worldwide in children, most of them occurred in developing countries [4] . About 82% of rotavirus deaths occurred among children in the poorest countries [5] . The disease causes many symptoms mainly diarrhoea, nausea, malaise, headache, abdominal cramping, fever and vomiting. However, the infection can be symptomless sometimes [2] . The World Health Organization (WHO) has encouraged the introduction of a rotavirus vaccine into national immunisation programs, particularly in poorer countries [6] . Pre-vaccine surveillance to estimate the burden of rotavirus disease, prevalent rotavirus genotypes and the association between rotavirus disease and intussusceptions helps in monitoring the impact of vaccination [7] .
The laboratory diagnosis of rotavirus infections plays an important role in the treatment of the disease and also control of its outbreaks [8] . Human serotypes of rotavirus do not grow readily in tissue culture and therefore, are difficult to be isolated from the clinical specimens [8] . The laboratory diagnosis of rotavirus infections relies on direct observation of virus by (EM) and/or detection of viral antigens by Enzyme-Linked Immunosorbent Assay (ELISA) and Radioimmunoassay (RIA). These procedures, however, are technically demanding and require specialised equipment which limit their application.
The aim of the present study is to evaluate the accuracy of ELISA versus Latex agglutination tests in the diagnosis of rotavirus-associated acute gastroenteritis in Iraqi children. Evaluate the usefulness of C-reactive protein (CRP) level in rotavirus diagnosis and to determine the possible effect of age and gender in CRP level among patients.
Material and Methods
In this cross-sectional, hospital-based study, a total of (80) diarrheic children attended to outpatient's clinic of Baghdad teaching hospital during a period from January to December 2015 enrolled in this study. This a study conducted according to the principles of Helsinki declaration. Dully-filled consent form obtained from all patients parents before participating in the study. Approval of ethical review Committee (Issue No. 1/232-15, January 2015), College of MedicineDiyala University-Iraq was taken before initiation of the work.
Methods
The stool sample was collected in sterile containers, then separated into two parts, the first part was sent to a laboratory for immediate testing by using Rotagen latex agglutination (bio kit, Spain) [9] , the kit contains latex particles coated with antirota Virus Antibodies. A sample considered positive for Rotavirus when agglutination was observed within two minutes reaction, as recommended by the kit manufacturer. Second part stored at -20 0 C until examination and used for detection of rotavirus antigen particles in stool specimens by using ELISA (Epitope Diagnostics) [10] . The assay is a double sandwich method. The assay carried out according to the manufacturer instructions.
CRP-latex agglutination
Reagents and samples allowed reaching room temperature. About 50 µL of the sample and one drop of each positive and negative control were added to separate circles on the slide test. Then the CRPlatex reagent was mixed vigorously before using and (50 µL) was added next to the samples to be tested. Sensitivity, specificity, positive, negative predictive values, the positive and negative likelihood ratios, the accuracy, and the corresponding 95% confidence intervals for all tests were calculated using MedCalc statistical software, Version 13.1.1, Belgium. The concordance of the ELISA and Latex agglutination studied using the Cohen's kappa index of agreement. The level of confidence limits was 0.095 and here is one possible interpretation of Kappa value [12] 
Results
In this study, (80) children with diarrhoea were involved. As shown in Table 1 the minimum age of infected children was (1) months while maximum age was seven years and the mean age was 1.23 years. Males represent (62.5%), and the rest (37.5%) were females. The minimum CRP level (6mg/dl) while the maximum was (96 mg/dl). As shown in Table 2 , ELISA method more Sensitive (84.62%) than latex agglutination (61.11%) in the diagnosis of rotavirus, although the specificity of latex agglutination was 90.91% versus (74.07 %) in ELISA. Both tests give the same accuracy (77.5%) in the detection of rotavirus in stool samples. Moderate agreement between ELISA and latex agglutination in the diagnosis of rotavirus (kappa value = 0.534). As shown in Table 4 , Rotavirus detected by ELISA in (41.25%) male and the CRP level range from (6-96 mg/dl). Rotavirus detected by Latex agglutination detected in male (32.5%) and the CRP level range from (6-48 mg/dl). A significant difference and inverse correlation between male gender and CRP level were detected. Rotavirus detected by ELISA in (26.25%) female and the CRP level range from (6-48 mg/dl). Rotavirus detected by Latex agglutination in (22.5%) female and the CRP level range from (6-12 mg/dl). A significant difference and inverse correlation between female gender and CRP level were detected.
As shown in Table 5 , age significantly correlated with latex agglutination result (p = 0.013). CRP level inversely correlated with latex agglutination and ELISA results (p = 0.000). ELISA results inversely correlated with latex agglutination (p = 0.000). 
Discussion
Rotavirus is a reason for hospitalisation. It is prevailing in areas where the sanitation and drinking water supply are unhygienic. Children usually are the vulnerable group to many infectious diseases. They are the first victims of any contamination of water and food. In this study, the minimum age of infected children was (1) months while maximum age was seven years and the mean age was 1.23 years. The reported age come in line with that reported in local [13] and international studies in Sudan [2] , India [14] and Taiwan [15] . In the current study, males represent (62.5%) which come by findings in Iraq [13, 16] , India [14] , and Sudan [2] . The minimum CRP level (6 mg/dl), the maximum was (96 mg/dl) and the mean (31.72 ± 30.58 mg/dl). The CRP level of ˃50 mg/dl in current study approximates to CRP reported in rotavirus gastroenteritis in Taiwan [15] . In the current study, a high Rotavirus-associated gastroenteritis detected in 32.5% according to ELISA, 45% according to Latex agglutination. This result was lower than reported cases in Erbil-Iraq (37%) [17] probably due to environmental factors in northern Iraq higher than reports from another local study (18.75%) [18] . In other countries like India in which a total of 21% of diarrhoea cases of children ˂5 years of age were positive for rotavirus using ELISA in Punjab; Chandigarh (16-19%) , Kolkata (5-22%) and Chennai (20.8%) in India [14] . The current prevalence of rotavirus-associated acute gastroenteritis come within range detected in Middle Eastern and North African countries (16% to 61% )per year [19] .
ELISA method more Sensitive (84.62%) than latex agglutination (61.11%) in the diagnosis of rotavirus and this finding agree with [16] found (77.4%) sensitivity and [20] found that ELISA (86.52%) sensitive than Latex agglutination (81%). Current result disagrees with previous local [13] and international studies [8] . Although in the current study, specificity of latex agglutination was 90.91% versus (74.07 %) in ELISA. In contrast [13] reported that specificity of latex agglutination was 86.3 % versus 93.6% for ELISA. These results concluded that strongly positive reactions found by Latex Agglutination may be regarded as true positive reactions, whereas samples producing weakly positive and negative reactions should be retested in a more specific and sensitive assay, such as enzyme-linked immunosorbent assay (ELISA). In the current study, the percentage of false negative reaction in ELISA was 0.21 compared with 7.7% in the previous local study [13] , while the negative reaction was 0.43 for latex agglutination compared with 3.3% in [13] . These false negative reactions may be due to the several reasons: the monoclonal antibodies that sensitise the latex particle and may not be detecting the serotype; the viral antigens could be lower than the technique sensitivity; and the faeces may contain unspecific inhibitors or IgA antibodies, resulting in weak agglutination reaction, not detected by the technician [13].
Other possible reasons for latex positive but ELISA negative results, this may be due to false positive latex tests as ELISA is more sensitive, or that because of the subjectivity of the reader since naked eye reads latex. It is very important when reading latex tests to compare with positive and negative controls. The other reason could be that the testing samples with latex after high-speed centrifugation affects results and may be a possible cause of falsepositive results. Therefore all the new generation latex tests now on the market use a filtration process of the stool samples [16] . In the current study, both tests give the same accuracy (77.5%) in the detection of rotavirus in stool samples. A Moderate agreement between ELISA and latex agglutination in the diagnosis of rotavirus (kappa value = 0.534) reported in current study .unfortunately no recent studies determine the degree of agreement between these tests. This moderate agreement may attribute to false positive results in latex agglutination.
In current study, among the age group (˂1) year, Rotavirus detected by ELISA in (10%), with CRP level 12 mg/dl (2.5%), 24 mg/dl, and 48 mg/dl (3.75%). Rotavirus was detected by latex agglutination (28.75%), with CRP level 12 mg/dl (8.75%). These results higher than Indian study found a CRP level in positive rotavirus cases under one year (4.748 ± 2.15mg/l) [3] . The relatively low incidence of rotavirus infection at this age, suggest the role of maternal antibodies against rotavirus that offers better protection to infants. In the age group (1-3) year, Rotavirus detected by ELISA in (12.5%), with CRP level 48 mg/dl (3.75%), 96 mg/dl (8.75%). Rotavirus detected by latex agglutination (15%), with high CRP level 96 mg/dl (10%). These finding relatively lower than reports from Saudi Arabia (30%) [21] , Iran [22] and Jordan [23] . Among the age group (3.1-5) year, Rotavirus was detected by ELISA in (2.5%), CRP level 48 mg/dl; 96 mg/dl (1.25%). Rotavirus was detected by latex agglutination (1.25%), with CRP level 96 mg/dl (1.25%). These results lower than reports from Sudan reported (6.6%) among the age group of 5 years [1] and rotavirus antigen A was not detected at this age in India [14] . The frequency of rotavirus infection appears to decrease in older children. Among the age group (5.1-7) year, Rotavirus detected by ELISA in (2.5%), with CRP level 48 mg/dl (2.5%). This may reflect the development of protective immunity from previous exposures. In the current study, the CRP among (41.25%) males with positive ELISA was (6-96 mg/dl). Among (32.5%) male with positive Latex agglutination, have the CRP (6-48 mg/dl). The CRP among (26.25%) female with positive ELISA was (6-48 mg/dl). Among (22.5%) female were with positive Latex agglutination. The CRP level (6-12 mg/dl). The Higher rate of positive males comes in line with other studies [13, 18] .
Even there was a marginal correlation between gender and CRP level among diarrheic children, an inverse correlation between CRP level and rotavirus ELISA and Latex agglutination tests in males and females was detected. This probably is due to the severity of diarrheal episodes that associated with general hypoproteinemia which appear as a decrease in CRP serum concentration along with positive rotavirus infection. In the current study, the positivity of latex agglutination significantly correlated with age (p = 0.013). This attributed to the fact that exposure to rotavirus in current study appears to be declined with increased age, for this reason, viral particles will be decreased in faecal samples and finally the results of agglutination test affected by false-negative results. For this reason in current study ELISA results inversely correlated with latex agglutination (p = 0.000).
In conclusion, although ELISA appears to be more sensitive in rotavirus diagnosis, latex agglutination has the same accuracy and can be used in an emergency (take into consideration the false positive results) as an alternative method for rotavirus diagnosis. Latex agglutination results affected by age which is an important drawback. CRP level inversely correlated with gender, latex agglutination and ELISA results.
